M
itochondria form a highly dynamic filamentous network. The elongated shape of the individual mitochondrion, visualized by fluorescence microscopy, contrasts with the classic text book representation that shows the mitochondrion as an elliptical short rod-like structure. The networks are in constant motion and undergo continuous remodeling through the fusion of mitochondria with each other and the fission of filamentous mitochondria into shorter fragments (1) (2) (3) . Both processes are mediated by a few core fusion/fission proteins. Tethering and fusion of the outer mitochondrial membrane is mediated by the related GTPases Mitofusin1 and 2, whereas OPA1 catalyzes the fusion of the inner mitochondrial membrane. Fis1 catalyzes the assembly of the dynamin-related protein Drp1 into oligomeric complexes on the outer mitochondrial membrane to drive mitochondrial scission. Mutations in OPA1 and Mfn2 cause, respectively, autosomal dominant optic atrophy and peripheral neuropathy (Charcot-Marie-Tooth disease) associated with insulin resistance in type 2 diabetes (1,2,4,5).
The ability of mitochondria to undergo fusion/fission dynamics is intimately linked with mitochondrial function. Mitochondria may use this mechanism for even distribution of metabolites, lipids, and proteins. Fission is also used to mediate the removal of nonfunctional or aged mitochondria to be targeted for autophagy as also shown for ␤-cells (6) . Fusion/fission proteins have attracted attention for their close link with mitochondrial respiration/ energy metabolism, impact on cristae structure, and mitochondria-linked cell death (3, 4, 7, 8) .
This research topic is of particular interest in the pancreatic ␤-cell given the essential role of mitochondria in metabolism-secretion coupling (9) . In this cell type, mitochondria form a very dense meshwork (6, 8, 10) . In primary rodent and human ␤-cells, the average length of mitochondria estimated by fluorescence microscopy varies dramatically (1-10 m) (8) . Interestingly, mitochondria in ␤-cells of islets from Zucker diabetic fatty rats are fragmented, suggesting an imbalance in the regulation of mitochondrial fusion/fission (10). These findings uncovered a first possible link among mitochondrial morphology, ␤-cell dysfunction, and type 2 diabetes.
The study of Molina et al. (11) in this issue of Diabetes has further characterized mitochondrial morphology and dynamics in the pancreatic ␤-cell. The authors demonstrate that palmitate causes mitochondrial fragmentation and impairs network dynamics, an effect aggravated by elevated glucose concentrations (11) . Two-photon laser microscopy of matrixtargeted photoactivatable green fluorescent protein (PAGFPmt) was used to label individual mitochondria. Surprisingly, the large majority of the mitochondria analyzed with this method were short (76% less than 2 m). Previous findings using the same methodology reported highly elongated mitochondria in several cell types (12) . Standard morphometric methods by Molina et al. show that ϳ60% of the cells have length-to-width ratios of 2 or more, and 30% have elongated mitochondria with length-to-width ratios larger than 4. Taken together, findings with the two different methods would argue that matrix boundaries may be shorter than the actual mitochondrial length either because structures that appear as single filaments are composed of aligned mitochondrial rods or because matrix proteins are separated by nonfused inner mitochondrial membranes (Fig. 1A) . In the primary ␤-cell mitochondrial fusion is rapidly followed by fission, offering a kinetic explanation for the rather short mitochondrial rods (6). Short mitochondria are apparently sufficient to execute the essential function of energy metabolism and metabolism-secretion coupling. This is also supported by the finding that DnMfn1 causes dramatic fragmentation of the mitochondrial network but has no impact on glucose-dependent ATP synthesis, insulin granule exocytosis, or induction of cell death (8) (Fig. 1B) .
The individual mitochondrial units in ␤-cells, although short, are in very active communication with the rest of the mitochondrial network (11). Molina et al. follow the dilution of PAGFPmt with an elegant readout for the sharing of mitochondrial components mediated by mitochondrial fusion/fission. Within 50 min, the PAGFPmt activated in a small fraction of the total pool of mitochondria distributed throughout the network. Possibly the main finding of this study is that a combination of fatty acid and high glucose concentrations, conditions of glucolipotoxicity (13), almost abolished fusion/fission activity, also resulting in pronounced mitochondrial fragmentation (Fig. 1B) . It is noteworthy that palmitate alone shifted the balance toward fragmentation without affecting the sharing of PAGFPmt in the network. The inhibition of mitochondrial fusion/fission was already observed 4 h after high-fat glucose treatment. The time course suggests moment-to-moment signaling to the mitochondria rather than altered gene expression. Palmitate could promote mitochondrial fragmentation by inducing endoplasmic reticulum (ER) stress, which indeed occurs rapidly. Palmitate depletes the ER calcium stores over a similar time course (14) , which results in elevated cytosolic calcium. Subsequently, calcium activates the phosphatase calcineurin, which together with the ER stress-induced C/EBP homologous protein (CHOP) initiates apoptosis (14, 15) . Drp1 dephosphorylation by calcineurin is a likely link between the ER-mediated calcium rise and mitochondrial fragmentation as demonstrated for other cells (16) . The dephosphorylated Drp1 is recruited to the mitochondrial outer membrane and binds to Fis1 to mediate mitochondrial scission. In agreement with such a mechanism, Molina et al. report that siRNA-mediated suppression of Fis1 prevents Drp1 recruitment and mitochondrial fragmentation induced by high-fat glucose treatment. Of interest, inhibition of calcineurin activation partially prevented palmitate-evoked apoptosis (15) . Fis1 downregulation also counteracts the effect of high fat on apoptosis but not its suppression of glucosestimulated insulin secretion in clonal ␤-cells (11). The antiapoptotic effect after inhibition of fission is consistent with findings in neurons (7) and probably occurs via inactivation of the proapoptotic Bcl-2 family members Bax and Bak (2). However, induction of fission per se impairs neither cell viability nor insulin secretion (8) . We can conclude that mitochondrial dysfunction in response to fatty acid stress is not limited to the regulation of mitochondrial dynamics.
In general, the connection between substrate conditions and mitochondrial dynamics is of central interest because this is a means of linking nutrient availability to mitochondrial energy metabolism. Further understanding of this link should result in the identification of pharmacological targets for the protection of ␤-cell function and ␤-cell mass in glucose-intolerant and type 2 diabetic subjects. 
